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© In micromanipulator apparatus having fine instru- 
ment mechanism translation drivers movable along 
three axes within a defined space, an operating 
system directing uniplanar movement of the transla- 
tion drivers. The system is realized in operating 
apparatus including a mouse as an operational data 
input device which, via an analogue movement 
thereof generating drive data, directs a correspond- 
ingly mapped uniplanar movement of the fine instru- 
ment translation drivers concerning two of the three 
axes, in an actual selection from a repeating se- 
quence of dual combinations via a click button of the 
mouse. A controller, accordingly responsive to the 
drive and axes selection data input from the mouse, 
commands, via output to the translation drivers, 
movement in a plane through the two axes actually 
in selection. Thus operational movement and data 
input via the mouse effect constantly uniplanar trans- 
lation of the fine instrument mechanisms, the plane 
of translation being continuously switchable among 
three planes of movement. Stable operative control 
of complicated micromanipulator movements, espe- 
cially in micrometer increments, is furthermore en- 
abled to be single-handed, such that two micro- 
manipulating fine instrument mechanisms can be 
operated by an operator using both hands to handle 
the pair of corresponding mice. 



FIG- 3 



( START ) 

I * * S1 

I INITIALIZATION 



r— 1 ■ S2 

| DISPLAY 
CCARSE MOVEMEN 




OUTPUT PULSE 
SPEED SENALPi 



S5 




OUTPUT PULSE SPEED 
SIGNAL P2 



S11 



SELECT X-Y AXES I 



S12 



SELECT Y-Z AXES [ 



SI 3 



SELECT Z-X AXES 



IT 



YES 



MISCELLANEOUS 
OPERATIONS 



CALCULATE MOVEMENT 



DETECT ORECnON ALONG 
THE TWO AXES 



DRIVE CORRESPONDING 
MOTORS AT SET PULSE 
SPEED 1 

I 



su 

S15 
S16 



Rank Xerox (UK) Business Services 

(3.10/3.6/3.3.11 



1 



EP 0 577 084 A2 



2 



BACKGROUND OF THE INVENTION 

Technical Field 

The present invention relates to fine instrument 
movement in micromanipulator apparatus and, 
more specifically, it relates to an operating system 
and operation apparatus directing uniplanar move- 
ment of fine instrument mechanisms movable 
along three axes within a defined space by cor- 
responding drivers. 

Description of the Background 

An exemplary micromanipulator is equipped 
with a fine needle instrument in an independently 
movable mechanism, opposed to which is a hold- 
ing needle instrument in a separate independently 
movable mechanism, in conventional use for the 
injection of DNA solution into a cell. The micro- 
manipulator is thus used to perform a given treat- 
ment on. a microscopic object such as a cell, 
placed for example in a Petri dish, by manipulating 
the minute appliances such as the fine needle or 
holding,;.needle instruments within the field of a 
microscope. 

One operating system for such a micro- 
manipulator comprises a Z-axis (vertical) control 
stick pivotal upward and downward, and an X-Y 
axis (horizontal) control stick pivotal back and forth 
and from side to side, wherein with one control 
stick in each of an operator's hands, a given 
minute appliance is manipulated three-dimension- 
ally. In addition, there are micromanipulator sys- 
tems operable by one hand, one of which com- 
prises a dial for controlling movement in the Z-axis 
direction provided on the tip of a control stick 
pivotal both back and forth and from side to side, 
and another comprising three dials for controlling 
movement in the three axial directions provided on 
a fixed stick; thus the minute appliance is movable 
three-dimensionally through single-handed control 
movements. 

Wherein the manipulator system is operated 
with both hands, the two opposed micromanipulator 
fine instrument mechanisms cannot be operated 
simultaneously by a single operator. Moreover, 
wherein the manipulator system is controlled with 
one hand, it is difficult to operate the system to 
bring about a uniplanar curved or straight move-, 
ment of either of the minute appliances. Particu- 
larly, when the micromanipulator is to be operated 
in the directions of the Z-X axes or of the Z-Y axes 
at the same time, an operator must move the 
control stick back and forth or from side to side 
meanwhile turning the Z-axis control dial, or turn 
the X- or Y-axis control dials meanwhile turning the 
Z-axis control dial as the case may be, requiring a 



high level of manipulating skill. For example, 
wherein a cell is to be pricked with the fine needle 
from above at an angle and then lifted upward at 
an angle, it is difficult to manipulate the movement 

s with one hand. 

Therein, movement of the minute appliance, 
especially in micrometer increments, is more stably 
effected if the driven movement is restricted to be 
within a single plane as defined by two of the three 

w possible axes of motion. 

SUMMARY OF THE INVENTION 

An object of the present invention is to improve 
75 operability of a micromanipulator. 

A further object of the invention is enable 
single-handed operative control of a fine instrument 
mechanism in a micromanipulator. 

Still another object is to effect constantly un- 
20 iplanar movement of the fine instrument mecha- 
nism, continuously switchable among three planes 
of movement defined by three axes along which 
the fine instrument is driven in the micromanipula- 
tor. 

25 An operating apparatus and associated operat- 

ing system according to the present invention op- 
erates a micromanipulator comprising fine instru- 
ment movement means movable along three axes 
within a defined space. The operating apparatus 

30 effective of the operating system includes oper- 
ational data input means, axes selection means, 
and movement command means. The operational 
data input means directs uniplanar movement of 
the movement means concerning two axes actually 

35 in selection from the three axes of motion. The 
axes selection means selects the two axes which 
thereby define the actual uniplanar movement. The 
movement command means, responsive to both 
the operational data input means and to the axes 

40 selection means, commands movement in a single 
plane through the two axes in actual selection, via 
output to the movement means. 

Thus the operating apparatus and associated 
operating system effect constantly uniplanar move- 

45 ment of the micromanipulator fine instrument 
mechanism or like minute appliance, meanwhile 
the plane of movement being continuously switcha- 
ble among three planes as defined by the three 
axes of motion. Therefore, movement of the minute 

so appliance, especially in micrometer increments, is 
more stably effected since the driven movement is 
restricted to be uniplanar. 

Since micromanipulation is performed at the 
same time the two axes in actual selection are 

55 switched, control of complicated movement of the 
manipulator minute appliance is facilitated, and 
consequently operability of the manipulator is im- 
proved. 
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The foregoing and other objects and advan- 
tages will be more fully apparent from the following 
detailed description, which, together with the draw-- 
ings* is illustrative of a preferred embodiment of 
the present invention, without intending to be re- 
strictive of such modifications as might become 
apparent to persons skilled in this art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic eievational view illustrat-. 
ing micromanipulator apparatus to which an operat- 
ing apparatus of an associated operating system 
according to an embodiment of the present inven- 
tion is applied. 

Fig. 2 is a block diagram illustrating a control 
unit of the operating system. 

Fig. 3 is a control process flow chart of the 
control unit. 

Fig. 4 is an encoder timing chart. 

Figs. 5 (A) and (B) are graphs illustrating un- 
iplanar manipulation analogous to operational data 
input. 

DESCRIPTION OF PREFERRED EMBODIMENT 

Fig. 1 illustrates micromanipulator apparatus to 
which an operating system according to an em- 
bodiment of the present invention is applied. 

Referring to Fig. 1, the micromanipulator ap- 
paratus comprises a microscope 2 placed on a 
base 1 , a pair of micromanipulable fine instrument 
mechanisms 3 and 4 disposed to either side of the 
microscope 2, and a control station 5 for controlling 
operation of the microscope 2 and the fine instru- 
ment mechanisms 3 and 4. 

The microscope 2 includes a centrally located 
stage 6. Set on the stage 6 is a sample dish on 
which, as an object of a treatment, a cell for 
example is placed. Disposed below the stage 6 are 
objective lenses 8. A television camera 9 is con- 
nected to a lower end of the objective lenses 8. 
The stage 6 is moved horizontally and vertically by 
a drive mechanism (not shown). 

The fine instrument mechanisms 3 and 4 dis- 
posed on the base 1 comprise bottom supports 10 
and 11 on which are respective drivers 12 and 13. 
The drivers 12 and 13 are moved by stepping 
motors 40, 41 and 42 (indicated in Fig. 2) in a Z- 
axis vertical direction, as well as in X,Y-axes hori- 
zontal directions along the bottom supports 10 and 
11, respectively, by increments of unit u m in fine 
movement, or by several tens of u m in coarse 
movement. Glass capillaries 14 and 15 are articu- 
lated with respective end mounts of the drivers 12 
and 13 along either side of the microscope 2. The 
capillaries 14 and 15 extend toward the sample 
dish 7. 



The control station 5 comprises a CRT 20, an 
operation panel 21, a control unit 22, and mice 23 
and 24 as illustrated in Fig. 1. The mice 23 and 24 
respectively comprise click buttons (CB1) 25 and 

5 27, and click buttons (CB2) 26 and 28. The click 
buttons (CB1) 25 and 27 switch between the fine 
and coarse movements of the drivers 12 and 13. 
The click buttons (CB2) 26 and 28 are used for 
selecting two from among the three axes, i.e., the 

70 X.Y.Z axes, in a repeating sequence of dual com- 
binations thereof. In this case, the coarse move- 
ment is changed to the fine movement and vice- 
versa each time either of the click buttons 25 or 27 
is pressed, and the dual combination of axes in 

15 selection are switched in the order 
XY—YZ-+ZX— XY each time either of the click but- 
tons 26 or 28 is pressed. 

The mouse 23 comprises two encoders (EN1 
and EN2) 31 and 32, as indicated in Fig. 2, for 

20 detecting movement in two uni planar directions. 
Output from the encoders 31 and 32 is applied to 
respective counters 33 and 34. The encoders 31 
and 32 each output a reference pulsed signal and a 
rotation pulsed signal corresponding to the direc- 

25 tion of rotation, as diagramed in Fig. 4. The coun- 
ters 33 and 34 tally the number of the rotation 
pulses, and are connected to respective phase 
detector circuits 35 and 36. The phase detection 
circuits 35 and 36 detect phase difference D be- 

30 tween the rotation and the reference pulsed sig- 
nals. 

Output from the counters 33 and 34 and the 
result of the phase difference detection are applied 
to a controller 30. The controller 30 composing the 

36 control unit 22 contains a microcomputer. Output 
from the click buttons 25 and 26 of the mouse 23 
is also applied to the controller 30. Although only 
one mouse 23 is indicated in Fig. 2, the other 
mouse 24 is structured likewise. 

40 Connected also to the controller 30 are the 

television camera 9, the CRT 20, a motor driver 37 
for controlling stepping motors 40, 41 and 42 cor- 
responding to the three axes ZXY, a memory 38, 
the operation panel 21 , and other I/O components. 

45 The memory 38 stores a control program and the 
selected result obtained through the click buttons 
25 and 26. Connected to the motor driver 37 are 
the stepping motors 40, 41 and 42 (Mx, My, for 
tri-axially moving the driver 12. Therein, mouse 23 

so operates movement of fine instrument mechanism 
3. 

Operation of the embodiment as above will be 
described. 

Referring to Fig. 3, an initialization is carried 
55 out in the controller 30 at step S1 , in which, as an 
example, the coarse movement, and selection of 
the X-Y axes from among the three axes X,Y,2 is 
stored in the memory 38. At step S2, information 
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obtained by the television camera 9 is displayed on 
the CRT 20. At step S3, it is then determined 
whether the coarse movement has been desig- 
nated through a click of the click button 25. Since 
the coarse movement and the fine movement are 
switched over every time the click button is clic- 
ked, if the click button is pressed during the coarse 
movement phase, movement drive is switched to 
the fine movement phase, and vice-versa. Either of 
the resulting fine or coarse movements is dis- 
played on the CRT 20. 

Wherein it is determined that the coarse move- 
ment is designated, the program proceeds to step 
S4. At step S4, speed of a pulse signal output from 
the motor driver 37 to each of motors 40, 41 and 
42 is set at Pi. Pulse speed Pi, for the coarse 
movement, is a high speed. Alternatively, when it is 
determined that the fine movement has been se- 
lected via the click button 25, the program pro- 
ceeds to step S5. At step S5, the speed of pulse 
signal output is set at P2. Pulse speed P 2 is for the 
fine movement, at a speed which is lower than the 
pulse speed Pi . 

Upon setting the pulse speed at step S4 or S5, 
the program proceeds to step S6. It is determined 
at step S6 whether or not the X-Y axes are se- 
lected via the click button 26. It is determined at 
step S7 whether or not the Y-Z axes are selected; 
and it is determined at step S8 whether the Z-X 
axes are selected or not. Then it is determined at 
step S9 whether there is any input from the coun- 
ters 33 and 34, and from the phase detector cir- 
cuits 35 and 36, to the controller 30 through the 
operation of the mice 23 and 24. Miscellaneous 
operations are performed at step S10. Then, the 
program returns to step S2. 

Given the determination at step S6 that the X-Y 
axes are selected by the click button 26, the pro- 
gram proceeds to step S11, wherein the selection 
result is stored in the memory 38 such that only 
the stepping motors 40 and 41 are controlled. In a 
similar manner, it is determined at step S7 whether 
the Y-Z axes, and at step S8 the Z-X axes, are 
selected; the program accordingly proceeds to ei- 
ther step S12 or S13, wherein the result is stored 
in the memory 38. 

When it is determined at step S9 that there is a 
pulse input, the program proceeds to step S14. At 
step S14, distance to be moved in the plane 
through the selected two axes is calculated from 
the result of the counters 33 and 34 tally. Therein, 
the operator moves the mouse 23 in a planar trace 
while observing the CRT screen 20 in order to 
effect an analogous micromanipulation of the fine 
instrument/ glass capillary in carrying out a desired 
treatment process on the microscopic object. 

In this case, the movement of the mouse 23 
corresponding to the two axes in actual selection is 



picked up by the encoders 31 and 32, whereupon 
the distance the mouse 23 has been moved is 
calculated. At step S15, the direction positive or 
negative along either of the selected two axes is 

5 detected through the output of the phase detection 
circuits 35 and 36. When the phase difference D is 
positive, it is determined that the analogue move- 
ment of the mouse 23 is moved in the positive 
direction; and conversely when the phase differ- 

10 ence D is negative, it is determined that the move- 
ment is in the negative direction. At step S16, the 
stepping motors corresponding to the selected two 
axes are driven so as to move the driver 12 or 13 
by the distance calculated at step S14 and in the 

15 direction detected at step S15. Accordingly, the 
drivers 12 or 13 are moved to correspond to the 
distance and direction designated via the mice 23 
and 24. 

Each of the mice 23 and 24 can be operated 
20 with one hand; and the coarse or fine phases of 
movement, as well as the two axes, are selected 
by pressing the respective click buttons 25/26, and 
27/28 on the mice. In addition, uniplanar movement 
of the fine instrument mechanism in the plane 
25 through the selected two axes is made via an 
analogous single-handed planar movement of the, 
corresponding mouse. 

For example, a micromanipulator movement in 
the ZY plane as indicated by the solid line in Fig. 
30 5(A) is implemented simply by analogously moving 
the mouse 23/24 along such a planar curved line 
as that shown. When the movement is to be made 
in the ZX plane from the above state, the Z-X axes 
are selected through operation of the click button 
35 26/28 (at step S13) and then movement in the ZX 
plane as for example indicated in Fig. 5(B) can 
readily be made. 

Accordingly, the foregoing embodiment effects 
movement of the micromanipulator fine instrument 
40 mechanisms which is restricted to be constantly 
uniplanar, yet the plane of movement being con- 
tinuously switchable among three planes as de- 
fined by the three axes of motion. Stable operative 
control of complicated micromanipulator move- 
rs ments, especially in micrometer increments, is 
thereby facilitated to be single-handed, enabling 
the two micromanipulating fine instrument mecha- 
nisms to be operated by an operator using both 
hands to handle the pair of corresponding mice. 

50 

Modifications 



(a) Besides the mouse, other means which can 
implement operative analogue movements in the 
55 directions of two axes simultaneously, such as a 
joy stick or track ball, may be used, such means 
being pivotal back and forth and from side to 
side. 
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(b) Although both fine and coarse movements 
are effected by the mice in the above embodi- 
ment of the present invention, a given mouse* 
may be operativeiy used for only the fine or 
only the coarse phases of movement 
Various details of the invention may be 
changed without departing from its spirit nor its 
scope. Furthermore, the foregoing description of 
the embodiments according to the present inven- 
tion is provided for the purpose of illustration only, 
and not for the purpose of limiting the invention as 
defined by the appended claims and their equiv- 
alents. 

Claims 

1- For micromanipulator apparatus having fine in- 
strument movement means movable along 
each of three axes within a defined space by 
corresponding drive means, an operating sys- 
tem directing uniplanar movement of the 
movement means, comprising: 

operational data input means for directing 
uniplanar movement of the movement means 
concerning two axes in selection from said 
three axes; 

axes selection means for selecting the two 
of said three axes thereby defining said un- 
iplanar movement; and 

movement command means, responsive to 
said operational data input means and to said 
axes selection means, for commanding, via 
output to said movement means, movement in 
a plane through the two axes actually in selec- 
tion by said axes selection means. 

2. The operating system of claim 1 , wherein 

said movement command means com- 
prises control means for controlling driving op- 
eration of said drive means, according to drive 
data received from said operational data input 
means and being defined by said two axes 
actually in selection; and 

said operational data input means com- 
prises means for generating said drive data via 
an analogue movement thereof, thereby direct- 
ing correspondingly mapped uniplanar move- 
ment of the fine instrument movement means. 

3. The operating system of claim 2, wherein said 
operational data input means comprises: 

two analog/digital converters respectively 
corresponding to said two axes actually in se- 
lection, for converting said analogue movement 
into said drive data; and 

corresponding pairs of counters for tallying 
said drive data, and phase detector circuits for 
determining direction of said analogue move- 



ment; wherein 

said drive data, and information actually 
selecting said two of said three axes, are out- 
put to said control means so as to control the 
5 driving operation of said drive means, and 

thereby to effect said uniplanar movement of 
said movement means. 

4. The operating system of claim 3, wherein said 
io axes selection means selects said two of said 

three axes in a repeating sequence of dual 
combinations of said three axes. 

5. The operating system of claim 4, wherein said 
is micromanipulator apparatus has an opposed, 

independently movable pair of said fine instru- 
ment movement means; furthermore compris- 
ing 

a pair of operating instruments corre- 
20 sponding^tp said pair of said fine instrument 

movement means, each comprising said oper- 
ational data input means; wherein 

at feast one of said pair of said operating 
instruments includes said axes selection 
25 means. 

6. The operating system of claim 5, wherein 

said movement means is movable along 
each of said three axes in fine increments of 
30 unit micrometers, and coarse increments of 

tens of micrometers; and 

at least one of said pair of said operating 
instruments includes means for selecting be- 
tween fine and coarse moving of sad move- 
rs ment means. 

7. The operating system of claim 6, wherein said 
pair of operating instruments is a pair of 
mouse devices. 

40 

8. The operating system of claim 6, wherein said 
pair of operating instruments is a pair of joy 
sticks. 

45 9. The operating system of claim 6, wherein said 
pair of operating instruments is a pair of track 
balls. 

10. In micromanipulator apparatus, operating ap- 
50 paratus for controlling movements of a fine 

instrument mechanism movable along each of 
three axes within a defined space by cor- 
responding drivers, comprising: 

at least one operational data input device 
55 for directing uniplanar movement of said fine 

instrument mechanism concerning two axes in 
selection from said three axes; 

an axes selector switch which selects the 
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two of said three axes thereby defining said 
uniplanar movement; and 

a controller responsive to said operational - . 
data input device and to said axes selector .= " 
switch, for commanding said movements, in- 5 
eluding driver controllers for controlling driving 
operation of said drivers according to drive 
data received from said operational data input 
device and being defined by said two axes 
actually in selection, thereby effecting move- w 
ment in a plane through the two axes selected 
by said axes selector. 

11. The operating apparatus of claim 10, wherein 

said operational data input device directs, via 75 
an analogue movement thereof generating said 
drive data, a correspondingly mapped un- 
iplanar movement of the fine instrument 
mechanism; said operational data input device 
comprising: 20 

two analog/digital converters respectively 
corresponding to, said two axes actually in se- 
lection, for converting said analogue movement 
into said drive data; and 

corresponding pairs of counters for tallying 25 
said drive data, and phase detector circuits for 
determining direction of said analogue move- 
ment; wherein 

said: drive data, and information actually 
selecting said two of said three axes, are out- 30 
put to said controller accordingly to control 
said drivers. 



15. The operating apparatus of claim 14, wherein 
said pair of manually workable instruments is a 
pair of mouse devices. 

16. The operating system of claim 14, wherein 
said pair of manually workable instruments is a 
pair of joy sticks. 

17. The operating system of claim 14, wherein 
said pair of manually workable instruments is a 
pair of track balls. 



12. The operating apparatus of claim 11, wherein 

said axes selector switch selects said two of 35 
said three axes in a repeating sequence of 
dual combinations of said three axes. 



13- The operating apparatus of claim 11, further 

comprising a pair of manually workable instru- 40 
ments, each incorporating one of said oper- 
ational data input devices, provided to cor- 
respond to an opposed, independently mov- 
able pair of the fine instrument mechanisms. 

14. The operating apparatus of claim 13, wherein 
said fine instrument mechanisms are mov- 
able along each of said three axes in fine 
increments of unit micro-meters, and coarse 
increments of tens of micrometers; 50 

at least one of said pair of manually work- 
able instruments includes a switch for selecting 
between fine and coarse moving of said move- 
ment means; and 

at least one of said pair of said manually 55 
workable instruments includes said axes selec- 
tion switch. 
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